Children growing up in disharmonious families or who have an anxious/depressed mother are at risk for emotional/behavioral difficulties (Clarke-Stewart and Dunn [@CR12]; Cummings and Davies [@CR15]). A number of studies suggest that both family dysfunction and maternal anxiety/depression increase emotional and behavior difficulties because they disrupt the mother's ability to care for her child (Ary et al. [@CR2]; Carter et al. [@CR11]; Ewell Foster et al. [@CR21]; Fergusson et al. [@CR22]; Ingoldsby et al. [@CR30]; Johnson et al. [@CR31]). Even very young infants show disruptive behavior when interacting with their anxious/depressed mothers (Field [@CR23]; Field et al. [@CR24]; Weinberg and Tronick [@CR54]). These children are also most likely to have persistent behavior problems, such as aggression at school entry (Barker and Maughan [@CR4]; Campbell et al. [@CR10]; Côtè et al. [@CR13]; Forehand et al. [@CR25]), suggesting the postnatal mediating effect on child adjustment.

To date, studies have largely focused on the role of postnatal family risk. One might think, however, that infants who are exposed to family disharmony or maternal anxiety/depression after birth also have been exposed similarly to the same risks during pregnancy. For example, Hay et al. ([@CR29]) found that more than half of the women reporting postnatal depression had been depressed in pregnancy. How often postnatal family disharmony is preceded by prenatal family disharmony, however, is not yet known. The aim of the present paper is to examine the inter-relationships among family risks of maternal anxiety/depression and family disharmony across the pre- and postnatal period and associations with two key indices of negative behavioral outcomes, disruptive crying and physical aggression. This is potentially important for two rather separate reasons.

First, a number of studies suggest that maternal anxiety/depression and family disharmony are associated (see e.g. Barker and Maughan [@CR4]; Dickstein et al. [@CR18]; Sameroff [@CR47]). However, to our knowledge there have been no previous studies empirically examining the cross-effects of maternal anxiety/depression and family disharmony. One key issue therefore, concerns how these risks "work together". One possibility is that one leads to the other, for example, the influence of parent psychopathology on child behavior problems may be mediated by impaired family functioning and increased family conflicts (Du Rocher Schudlich et al. [@CR20]; Pedersen and Revenson [@CR43]), and mothers reporting higher levels of anxiety and stress have also been found to report lower levels of support from their partner (Dennis and Ross [@CR17]). Thus, alternatively, disharmony may predispose to maternal anxiety/depression.

Second, prenatal exposure to maternal anxiety/depression has been associated with shortened gestation, restricted fetal growth and low birth weight (see e.g. Austin et al. [@CR3]; Rahman et al. [@CR45]; Schneider et al. [@CR48]). There is further a small but growing literature, indicating that prenatal maternal anxiety/depression shapes fetal behavior patterns that persist into the postpartum period, and may have long-term consequences for emotional and behavior development (see e.g. Glover and O'Connor [@CR28]; Gitau et al. [@CR27]; O'Connor et al. [@CR42]; Van den Bergh and Marcoen [@CR52]; Talge et al. [@CR49]). Thus, a second key issue is whether there is a timing effect of family risks stemming from pregnancy.

One possible explanation for this association is suggested to be the mediating mechanism of the hypothalamic--pituitary adrenal (HPA) axis. In humans prenatal stress involves the production of the steroid, cortisol (a glucocorticoid), which may cross the placental barrier and influence fetal growth and brain development that could have long-term developmental consequences (Welberg and Seckl [@CR56]; Weinstock [@CR55]). In contrast to the above findings, however, some researchers have not found any link between prenatal maternal anxiety/depression and later emotional and behavior problems (DiPietro et al. [@CR19]; Kim-Cohen et al. [@CR32]). Thus the strength of this association is far from clear. On the one hand, these uncertainties may be related to methodological problems such as failure to include covariates (McIntosh et al. [@CR38]), low sample size (Van den Bergh and Marcoen [@CR52]), only reporting one time-point in pregnancy (Davis et al. [@CR16]), or failure to adequately account for postnatal experiences. Traditionally, this has been dealt with by treating postnatal exposure as a possible confounder (e.g. O'Connor et al. [@CR42]), rather than making direct comparisons. On the other hand, it may be the case that the association between family risks and later emotional and behavior problems is equally related to both the pre- and postnatal exposure. That is, whether there is a risk effect of a liability to maternal anxiety/depression or family disharmony over time that constitute an enduring risk for the disruptive behavior of crying and aggression in the child.

In light of this background, the current study has two aims. The first aim was to examine the inter-relationships between two known risks within the family, by two contrasting hypotheses: (1) Increase in subsequent symptoms of maternal anxiety/depression is a function of prior family disharmony vs. (2) increase in family disharmony is a function of prior symptoms of maternal anxiety/depression.

The second aim was to examine the prenatal, postnatal and overall liability to family disharmony and maternal anxiety/depression on child behavior. An "overall liability" would suggest that there is an enduring risk effect, stemming from both the pre- and postnatal period. Thus, three contrasting hypotheses were examined: (1) Crying and physical aggression in 3 year olds are a function of a prenatal exposure to family risks vs. (2) a function of a postnatal exposure to family risks vs. (3) a function of an overall liability in which there is no marked time-specific effect.

Method {#Sec1}
======

Participants {#Sec2}
------------

This study is based on the Norwegian Mother and Child Cohort Study (MoBa) conducted by the Norwegian Institute of Public Health (Magnus et al. [@CR35]; Nilsen et al. [@CR40]). In brief, MoBa is a cohort consisting of more than 100 000 pregnancies recruited from 1999 to 2009. The majority of all pregnant women (70%) in Norway were invited to participate, and participants were recruited to the study through a postal invitation in connection with a routine ultrasound examination offered to all pregnant women in Norway at 17--18 weeks of gestation ([www.fhi.no/morogbarn](http://www.fhi.no/morogbarn)). In addition data were also drawn from the Medical Birth Registry of Norway (MBRN), which contains data on all births in Norway. The current study is based on version IV of the quality-assured data files for participants recruited in the period of 1999 to 2006. At this time of recruitment about 28,897 children had reached the age of 3-years. Informed consent was obtained from each participant. The study was approved by The Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate.

Measures {#Sec3}
--------

**Crying Behavior** Crying behavior was measured by three items ("cries easily", "gets upset or sad easily", "reacts intensely when upset") on a five-point response-scale from very typical to not typical. These items were taken from the emotionality subscale of the EAS temperament questionnaire (Buss and Plomin [@CR9]; Mathiesen and Tambs [@CR36]). Items were coded so that higher scores reflected more crying behavior. The total score ranged from 0 to 12, with *M* = 5.34, SD = 2.3. Cronbach's alpha was 0.64. Model fit from CFA was good (*χ*^2^ (df = 0) 0; CFI 1.0; TLI = 1.0; RMSEA = 0.00), and factor loadings ranged from 0.47 to 1.0.

**Physical Aggression** Physical aggression was taken from the externalizing subscale of the Child Behavior Check List (CBCL/1.5--5) (Achenbach et al. [@CR1]). Included items were "becomes aggressive when he/she is frustrated", "gets in many fights", "hits others", "tests other children to see whether they get angry", "hits, shoves, kicks and bites other children". These items were rated by mothers on a three-point scale and were coded so that more aggressive behavior reflected higher scores. The total score ranged from 0 to 10 with *M* = 1.7, SD = 1.7, Cronbach's alpha was *0.93.* Model fit from CFA was adequate (*χ*^2^ (df = 5) = 724.6; CFI 0.97; TLI = 0.93; RMSEA = 0.07), with factor loadings ranging from 0.50 to 0.69.

**Maternal Anxiety/Depression** Maternal anxiety/depression (SCL) was measured by 5 items, on a four-point scale from not bothered (0), to very bothered (3) from the Hopkins Symptom Checklist (Tambs and Moum [@CR50]). The mothers were asked if they had experienced the following in the last 2 weeks, ("constantly afraid and anxious"; "nervous, inner turmoil"; "hopelessness"; "depressed"; "worries or restless"). The total score was computed from the means of these 5 items, and ranged from 0 to 15, with *M* = 1.14, SD = 1.8 at 17w, *M* = 1.15, SD = 1.8 at 30w. *M* = 1.08, SD = 1.8 at 6 months postpartum, and M = 1.36, SD = 2.0 at 18 months postpartum. Cronbach's alphas for 17th, 30th week and 6 months and 18 months were 0.80, 0.83, 0.85, 0.85 respectively.

**Family Disharmony** Family disharmony was measured at all assessment points by ten items (e.g., "closeness to partner"; "relationship problems") (Blum and Mehrabian [@CR7]). The items were measured on a response scale from I completely agree (0) to I completely disagree (5), and were coded so that higher score reflected greater disharmony. The total score was computed by the mean of all items ranging from 0 to 50, with *M* = 6.76, SD = 6.2 at 17w, *M* = 6.46, SD = 6.1 at 30w. *M* = 7.26, SD = 6.9 at 6 months postpartum, and *M* = 8.13, SD = 7.6 at 18 months postpartum. Cronbach's alphas for 17th, 30th week and 6 months and 18 months were 0.91, 0.91, 0.92, 0.93 respectively.

**Maternal Characteristics** Age at time of birth was gathered from Medical Birth Registry of Norway (MBRN), and ranged from 14 to 47, *M* = 30.2, SD = 4.4. Marital status was coded as '0' married/living together (97.3%), or '1' unmarried/single. Education was assessed at the first assessment and coded into four rank-order scales so that a low score reflected high education, and a high score indicated low education, from university/college of 4 years or more (0), university/college of up to 4 years (1), high school up to the age of 18--19 (2), to secondary school up to the age of 15--17 (3), with an average of up to 4 years in university/college (*M* = 1.2, SD = 0.85). Family income was collected separately for mothers and fathers, ranging from no income (1) to more than 500,000 NOK a year (7) (about 90--100,000 US dollars). The total family income was computed by summating both maternal and father income, and ranged from 1 to 14, from no income to more than 1 mill NOK/200,000 US dollar a year. A higher score indicated higher family income, with *M* = 8.4, SD = 2.3, equal to an average of 500,000 NOK/90--100,000 US dollar a year.

**Exposure in Pregnancy** Smoking was extracted from the Medical Birth Registry of Norway (MBRN), using a standardized notification form in which women were asked whether they smoked during pregnancy. Non-smokers were coded as '0' (78.7%), and those who smoked occasionally or daily as '1' (10.1%) (Missing = 11, 2%), *M* = 0.11, SD = 0.32. Alcohol consumption during pregnancy was measured at the 17th week of gestation. The mothers were asked if they had had 5 units of alcohol (1 unit = 1.5 cl pure alcohol), or more per occasion in this pregnancy, ranging from never to less than once a month to several times a week. This variable was treated as a dummy variable reflecting those who never drank, or drank less than once a month (0), and those who reported that they drank several times a month or more (1), (*M* = 0.01, SD = 0.08).

**Child Characteristics** Gender was coded as '0' girls (49.2%), and '1' for boys (50.8%). Low birth weight was extracted from the MBRN, and was coded as yes (1) if the infant weighted ≤2,500 g or less and no (0) if the infant weighted more than \>2,500 g, *M* = 0.03, SD = 0.16. Head circumference was coded as a dummy variable, with either smaller than ≤33, (0), or above ≥34 (1), *M* = 0.90, SD = 30. Birth complications were answered by the mothers at 6 months and were coded as (1) if yes, and (0) if no, *M* = 0.18, SD = 0.38. Caesarean sections were extracted from the MBRN and coded as (1) if yes, and (0) if no, *M* = 0.12, SD = 0.33.

Attrition Analyses {#Sec4}
------------------

The participation rate at study commencement was 42.7% (Magnus et al. [@CR35]), and response rates for the 17th and 30th weeks of gestation, and 6th, 18th and 36th months postnatal were 95.3%, 92.7%, 91.5%, 74.4%, and 61.4% respectively. Thus, as is the case in many longitudinal studies there is the concern that those participants differ systematically from those not participating. This concern has been thoroughly examined by Nilsen et al. ([@CR40]) who compared the MoBa participants with data from the Medical Birth Registry of Norway (MBRN), which has information on all women giving birth in Norway. They found evidence for selection bias in prevalence rates that may have relevance to interpretation of the findings in the current study. The MoBa study had lower participation of the youngest mothers (\<25 years), those living alone, and those mothers with more than two previous births. These biases were small in number, but will inevitably somewhat reduce the prevalence rate of risk. This does not, however, mean that the pattern of correlations with other variables will be biased. For bias to arise would require that the pattern of associations differed between those participants with the key characteristic in the study and those not. In other words, bias would arise only if (for example) younger mothers who participated had a different pattern of associations from younger mothers who did not. Although possible, that is unlikely and the evidence suggests that this rarely happens. Nilsen et al. ([@CR40]) found that many associations between exposure variables and outcomes were the same in the MoBa study and the comparison of the Norwegian registry. Similarly an analysis was undertaken by Wolke et al. ([@CR57]) with respect to selective drop-out in the Avon Longitudinal Study of Parents and Children (ALSPAC). As in MoBa, it was found that those who dropped out from the study were more likely to suffer from disruptive behavior disorders and, hence, this would inevitably bias prevalence rates. By contrast, systematic participant drop-out did not alter the association between family variables obtained in pregnancy and disruptive behavior disorder at 8 years of age. Both the empirical findings and a range of simulations confirm that the validity of regression models was only very marginally affected despite range restrictions after selective drop-out.

Furthermore, for the MoBa study, additional analyses were undertaken by comparing the 61.4% who returned the questionnaire at 36 months with the remaining 38.7%, in terms of data available at the first assessment using Chi-square difference test and *t*-test for the continuous measures. There were no significant differences in terms of gender, birth complications, or low birth weight. However, a very small difference was found for caesarean sections (13.9% in the total sample, vs. 13.0% in the present sample, *p* = 0.001). No major differences were found for the demographic variables (maternal education, marital status, maternal age and family income) or family risk variables (maternal anxiety and family disharmony), with mean differences varying from 0.18 to 0.56. The effect sizes for these differences were all very low (Cohen's d = 0.08 to 0.21). Nevertheless, with this very large sample size, these minor differences were statistically significant. The effect sizes, however, were very small and it is unlikely that these proportions in prevalence would affect the associations. Missing a disproportionate number of individuals with high-risk characteristics, as was the case here, may affect prevalence rates of both the risks and the outcomes for which they provide a risk. However, that is not the focus of the current paper. The present study is concerned with patterns of associations. Accordingly, even with a missing proportion of high-risk individuals, there can be no necessary expectation that this will affect the associations with other variables.

For the present study, information was available for 24,677 children for whom complete information on all time points were available. The present sample comprised 24,259 children, after multiple births were excluded (*N* = 418).

Statistical Analyses {#Sec5}
--------------------

The analytic strategy followed three steps using Mplus version 5.1 (Muthén and Muthén [@CR39]). Full information maximum likelihood was used to account for missing data. Model fit was determined by Chi-square estimates, the comparative fit index (CFI, critical value \_ 0.90) (Bentler and Bonett [@CR6]), the Tucker Lewis Index (TLI, critical value \_ 0.90) (Little et al. [@CR34]) and the root mean squared estimate of approximation (RMSEA, critical value \_ 0.08) (Browne and Cudeck [@CR8]).

In the first step, we examined the inter-relationship between the independent and dependent variables. Because of the potentially important relationship between the two risks, the first step needed to start by examining the associations between maternal anxiety/depression and family disharmony, using an autoregressive model. Cross-lagged paths were included in the model to account for possible influences of high levels of maternal anxiety/depression on family disharmony (and vice-versa). The stability of maternal anxiety/depression and of family disharmony were examined by regressing scores at 17 weeks (for example) on their immediate prior values (autoregressive part). Finally we estimated the path from these risks on crying behavior and physical aggression.

In the second step, the latent factors of maternal anxiety/depression and family disharmony were constructed. This step consisted of two main parts, one measurement model and one path model (McDonald and Ho [@CR37]). The first models, the Confirmatory Factor Analyses (CFA), are shown in the appendices and were used in order to evaluate the latent structure of maternal anxiety/depression and family disharmony measured at each of the four time-points, with observed variables as indicators of the latent variables and with the error terms correlated across time. Thus, the first set of analysis focused on four separate CFA models, one for each time point, so that maternal anxiety/depression was constructed from five indicators (and family disharmony by 10 indicators) at each time point. Then these CFA models (Appendix [A](#Sec12){ref-type="sec"}) represented the primary factors of the second order factor of the latent structure prenatal-only (at 17th and 30th week of gestation) and the latent structure of postnatal-only (at 6 m and 18 m). In the second step, a path model was added in order to examine the relative impact of these latent constructs, of the prenatal-only and the postnatal-only, on crying behavior and physical aggression, after adjusting for a range of possible confounders reflecting child characteristics, birth characteristics, socio-demographics and maternal characteristics.

The third step of our analytic strategy also consisted of two main parts, one measurement model and one path model. The first set of analyses focused on four separate CFA models as described in step two. These CFA models represented the second order factor "overall liability" of either maternal anxiety/depression or family disharmony (Appendix [B](#Sec13){ref-type="sec"}). In the second part of the structural model, the path model, we estimated the relative impact of the overall liability of maternal anxiety/depression and family disharmony on physical aggression and crying behavior, after adjusting for potential confounders.

Equally, the latent structures of child behavior were first computed by combining the two outcomes, and second by constructing a latent variable of each child outcome, we report the latter based on factor loadings and a comparison between model fit for the different models.

Results {#Sec6}
=======

Step 1: Autoregressive Cross-Lagged Model of Maternal Anxiety/Depression and Family Disharmony {#Sec7}
----------------------------------------------------------------------------------------------

Maternal anxiety/depression and family disharmony from early pregnancy (17 weeks) through late pregnancy (30 weeks), 6 and 18 months postnatal (see Fig. [1](#Fig1){ref-type="fig"}) showed stability, with path coefficients in the range from 0.3 to 0.7. The implication that maternal anxiety/depression may influence family disharmony or vice versa (cross-lagged part), was not supported. The path coefficients, although statistically significant were all very low (in the range of 0.03 to 0.07). There was also a small effect for maternal anxiety/depression at time 4, on crying behavior and physical aggression (with path coefficients of 0.05 to 0.06). The contemporaneous correlations between the two predictors were moderate (*r* = 0.20 to 0.30), as were they also between the two outcomes (*r* = 0.38). Fig. 1Adjusted autoregressive cross-lagged model for child behavior 36 months. Associations between maternal anxiety/depression and family disharmony across the pre- and postnatal period and associations with child behavior. Squares represent the observed variables measured at each time-point, 1 = 17w of gestation; 2 = 30w of gestation; 3 = 6 m post partum; 4 = 18 m post partum; 5 = 36 months child outcome. Standardized estimates are presented as girl/boy when different. The estimated associations are shown by one-sided arrows representing the regression coefficients, and double-sided arrows representing the correlations. All estimates are significant at *p* \< 0.001 level

Step 2: The Effect of Prenatal and Postnatal Family Risk {#Sec8}
--------------------------------------------------------

Postnatal maternal anxiety/depression was associated with increased physical aggression (*β* = 0.19, *p* \< 0.001) and crying behavior (*β* = 0.13, *p* \< 0.001). However, prenatal maternal anxiety/depression was not significant for either physical aggression (*β* = −0.003, *p* = 0.92), or crying behavior (*β* = 0.04, *p* = 0.087) (model fit: *χ*^2^ (df *=* 598) = 17,393.9; CFI 0.93; TLI = 0.92; RMSEA = 0.033) (See Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Pre-post and overall effect of maternal anxiety/depression on child behavior 36 months. Standardized beta coefficients for the associations between the prenatal-only, the post natal-only and the "overall" latent construct of maternal anxiety/depression and the latent constructs of crying behavior and physical aggression at 3 years of age

Postnatal family disharmony was associated with increased physical aggression (*β* = 0.14, *p* \< 0.001) and crying behavior (*β* = 0.14, *p* \< 0.001), whereas prenatal family disharmony did not have a significant effect (*β* = 0.01, *p* = 0.55) on physical aggression, but showed a small negative effect on crying behavior (β = −0.04, *p* = 0.02) (model fit: *χ*^2^ (df = 1,010) = 26,618.15; CFI 0.97; TLI = 0.96; RMSEA = 0.034) (see Fig. [3](#Fig3){ref-type="fig"}). Fig. 3Pre-post and overall effect of family disharmony on child behavior 36 months. Standardized beta coefficients for the associations between the prenatal-only, the post-natal only and the "overall" latent construct of family disharmony and the latent constructs of crying behavior and physical aggression at 3 years of age

Step 3: The Effect of an "Overall Liability" {#Sec9}
--------------------------------------------

The latent structure combining maternal anxiety/depression across time 1, 2, 3 and 4 had a larger effect on crying behavior (*β* = 0.17, *p* \< 0.001), as compared with the main effect in step 1 and 2. The main effect on physical aggression (*β* = 0.18, *p* \< 0.001), was similar to the postnatal effect (model fit: *χ*^2^ (df = 619) = 18,440.9; CFI 0.93; TLI = 0.92; RMSEA = 0.03). These effects were robust and remained after taking account of confounders (Fig. [2](#Fig2){ref-type="fig"}).

Similarly the latent structure combining family disharmony across time 1, 2, 3 and 4 had a robust main effect on both crying behavior (*β* = 0.11, *p* \< 0.001) and physical aggression (*β* = 0.16, *p* \< 0.001) (model fit: *χ*^2^ (df = 1,553) = 34,333.14; CFI 0.96; TLI = 0.96; RMSEA = 0.03), which remained after control for confounders (Fig. [3](#Fig3){ref-type="fig"}).

To summarize, an overall liability of maternal anxiety/depression was found to have a substantial effect on both crying behavior and physical aggression. It seems likely that the liability of the family risks over time was driving the effect of both crying behavior and physical aggression. Although, these effects are robust we also note those confounders that were found to be associated with child behavior in Table [1](#Tab1){ref-type="table"}. Table 1Significant confounders of crying behavior and physical aggressionConfoundersCrying Behavior 36 mPhysical Aggression 36 m*βp*-value*βp*-valueGender−0.03\<0.0010.14\<0.001Birth CharacteristicsLow birth weight--ns0.02\<0.001Maternal CharacteristicsSmoking in pregnancy--ns0.03\<0.001Maternal age0.06\<0.0010.06\<0.001Marital status0.05\<0.0010.03\<0.001Maternal education0.03\<0.0010.03\<0.001Family CharacteristicsFamily income--ns0.03\<0.001Number of siblings0.5\<0.001--ns*Note*. *β* = Standardized beta coefficient

Discussion {#Sec10}
==========

Using a large population based longitudinal cohort-study we assessed the relative impact of pre- and postnatal family disharmony and maternal anxiety/depression on children's emotional/behavioral problems within a structural equation model framework. Three findings stand out.

First, there was substantial continuity in maternal anxiety/depression from pregnancy to 18 months after birth, and an even stronger continuity for family disharmony (Fig. [1](#Fig1){ref-type="fig"}). This finding supports the assumption that prenatal influences are strongly associated with comparable postnatal experiences (Hay et al. [@CR29]), and suggest that the effects of maternal anxiety/depression and family disharmony represent a risk for children's maladjustment that extends across the pre- and postnatal period.

Second, there was no indication that family disharmony led to maternal anxiety/depression, or the other way around. That is, despite the substantial continuity over time in both family disharmony and maternal anxiety/depression, and despite the contemporaneous association between the two predictors, the cross-lagged correlations and the effects from time 4 on child outcome were all very low (in the range of 0.03 to 0.07). One possible explanation is that the very low cross-lagged effects are caused by shared method variance. This is unlikely, however, because the cross-sectional correlations and the associations across time range from low to moderately high, and thus are far from unity. This finding is consistent with the literature suggesting that maternal anxiety/depression may co-occur with family disharmony, but adds to the literature in showing that neither was causal of the other.

Third, although the postnatal effect of both family disharmony and maternal anxiety/depression were substantial compared to the prenatal effects, the main risk effects on crying behavior and physical aggression were the constructs representing an overall liability to maternal anxiety/depression and to family disharmony. The implication is that family influences play a significant role in children's emotional and behavior functioning. Our finding suggesting that family risks may constitute an enduring risk, rather than a marked time-specific effect, was further confirmed by additional follow-up analysis, which showed no difference in effects when we compared 6 months with 18 months, suggesting that some overall liability was involved. Similar to prior studies (e.g. Ewell Foster et al. [@CR21]; Kim-Cohen et al. [@CR32]), our finding suggests that there is no effect of prenatal risks, once postnatal effects are adequately accounted for. It should be noted, however, that this does not rule out the possibility for a prenatal effect on different child outcomes such as hyperactivity (Bekkhus et al. [@CR5]), or the possibility of a genetic confound.

The main clinical implication of the study findings is that there would be no point in a time-specific intervention, because no time-specific effects were found. Rather, interventions will need to take account of the evidence of an ongoing risk that extends across the prenatal and postnatal age periods. The findings also show that the occurrence of both family disharmony and maternal anxiety/depression are independently important, and that effective interventions are likely to require a focus on both types of risks. Whilst it is tempting to argue that early interventions that target these risks might be beneficial, caution is called for because of two separate considerations. First, the analyses undertaken so far cannot differentiate between environmental mediation and genetic mediation of the risks. Second, until a further follow up has been undertaken (as is currently underway) there is no means of assessing the psychopathological importance of crying and physical aggression in the early years. These findings are important in showing the characteristics of the patterning of risks over time and these suggest that a consideration of clinical implications will be important but, equally, they indicate that it would be premature to advocate interventions at this point.

Our investigation of possible prenatal effects has shown important advantages over previous research and provides new empirical knowledge on some of the potential mechanisms involved in understanding the inter-relationship among pre- and postnatal family risks and emotional/behavior problems in early childhood. First, we had two data points each for both prenatal and postnatal risk factors, thereby increasing the robustness of our measures. Second, we used structural equation modeling, allowing for an estimation of the relations between constructs that are corrected for biases attributable to random error and construct-irrelevant variance (Tomarken and Waller [@CR51]). Third, we had longitudinal data that showed strong continuities over time for both maternal anxiety/depression and family disharmony. This finding suggests little support for there being an independent prenatal effect of either family disharmony or maternal anxiety/depression on the two outcomes measured in this sample. In addition, the use of a longitudinal design provides measures of the mothers prior to those of the child, which makes it unlikely that the child features caused the family risks. Fourth, we had data on crying behavior (emotionality) and aggression (behavior problems) at a very early age with the possibility for future follow-ups in later phases of the MoBa. To date, very little is known about these behaviors at an early age and how they relate to behavior later on (Gardner and Shaw [@CR26]). Against that background, five key limitations need to be noted.

First, because of the focus on pregnancy and the infancy period all measures were obtained from the same informant---the mother. This is unavoidable when investigating behavior in very young children within large-scale population cohort studies, and is a common feature for similar studies (see e.g. The Avon Longitudinal Study of Parents and Children; Quebec Longitudinal Study of Child Development). The use of self-report and maternal reports for child behavior means that there is the likelihood of halo effects in ratings, reflecting a shared method variance. This means that the estimates of temporal stability or risk factors may be over-estimates. It also means that the associations between risk variables and child outcomes cannot be assumed to be causal. That is, maternal reports of crying behavior or aggression are subjective and therefore their levels of stress during the pre- and postnatal period could affect their perceptions of child crying or aggression (Talge et al. [@CR49]). Thus, there is the possibility that mothers, to some degree, over interpret e.g. their child's behavior as aggressive, when in fact their behavior reflects normal aggression for that age group. Thus, the use of more in-depth interviews, or data from other informants would provide a better understanding of the mechanisms involved in children's development. Future follow-ups within the MoBa provide the opportunities for sub studies with in-depth interviews and teacher ratings when the children reach school age. However, maternal ratings have been found to show moderate agreement with teacher ratings (Hay et al. [@CR29]; Leblanc et al. [@CR33]; Romano et al. [@CR46]), and mothers are often assumed to provide the most accurate information about their child's emotional and behavior functioning (Phares [@CR44]).

Second, at the time MoBa was planned, measures for the early years of childhood concentrated on temperamental features. Therefore we had only a limited number of items available representing subscales from the CBCL (CBCL/1.5--5) externalizing scale, and the EAS temperament scale. The selected items, however, were based on a consensus among specialists in clinical and developmental psychology, and our analysis showed an adequate model fit when CFA-models were estimated, as well as acceptable Cronbach's alphas similar to those obtained in other studies for this age group (Côtè et al. [@CR14]; O'Connor et al. [@CR42]; van Zeijl et al. [@CR53]).

Third, our findings extend only to age 3 years. MoBa has further follow-up planned for ages 5 and 7 years and these will provide a broader measurement of internalizing and externalizing psychopathology.

Fourth, we did not have available measures to control for possible genetic confounders, thus whether children exposed to pre- and postnatal family risks are at greater risk due to a genetic vulnerability, is uncertain. However, biological measures that might illuminate possible genetic confounders, may be available in later studies of the MoBa.

We also note that the participation rate in MoBa at the first assessment was 42.7%. Such proportions are usual in large, general population studies of this kind (see e.g. Nohr et al. [@CR41]; Wolke et al. [@CR57]), but inevitably they raise the possibility of bias. Missing a disproportionate number of high risk individuals may affect prevalence rates. However, the present study focus on patterns of associations and Nilsen et al. ([@CR40]) found that these do not differ, despite lower participation of these marginal groups.

Conclusion {#Sec11}
==========

There were substantial continuities between maternal anxiety/depression and family disharmony in the prenatal period and comparable measures in the postnatal periods. The main effect of both family risks was, however, not due to a prenatal effect or a marked time-specific effect, but rather a liability associated with family risk.
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Appendix A {#Sec12}
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Fig. 4CFA model of pre- and postnatal maternal anxiety/depression. Standardized factor loadings for the second order confirmatory factor analysis of prenatal-only and postnatal-only maternal anxiety/depression, measured by five items at the 17th week and 30th week of gestation and at 6 and 18 months postnatal

Fig. 5CFA model of pre- and postnatal family disharmony. Standardized factor loadings for the second order confirmatory factor analysis of prenatal-only and postnatal-only family disharmony measured by ten items at the 17th week and 30th week of gestation and at 6 and 18 months postnatal

Appendix B {#Sec13}
==========

Fig. 6CFA model of overall maternal anxiety/depression. Standardized factor loadings for the second order confirmatory factor analysis of overall maternal anxiety/depression, measured by five items at the 17th week and 30th week of gestation and at 6 and 18 months postnatal

Fig. 7CFA model of overall family disharmony. Standardized factor loadings for the second order confirmatory factor analysis of overall family disharmony measured by ten items at the 17th week and 30th week of gestation and at 6 and 18 months postnatal
